[This paper is part of the Focused Collection on Gender in Physics.] The dearth of women in science, technology, engineering, and math (STEM) fields has been lamented by scholars, administrators, policymakers, and the general public for decades, and the STEM gender gap is particularly pronounced in physics. While previous research has demonstrated that this gap is largely attributable to a lack of women pursuing physics in college, prior research reveals little in terms of the characteristics and career interests of women who do plan to major in physics or how these traits have evolved over time. To address these gaps, this study utilized nationwide data on first-time, full-time college students to (1) document national trends in plans to major in physics among women entering college, (2) document the career aspirations of women who intend to major in physics, and (3) explore the characteristics of women who intend to major in physics and how this population has evolved across time. This study found that women's interest in physics has been consistently very low in the past four decades. The most popular career aspiration among women who plan to major in physics is research scientist, although this career aspiration is declining in popularity, while increasing numbers of women say that they are undecided in their career choice. Further, this study identifies a distinctive profile of the average female physics student as compared to women in other STEM fields and women across all majors. Women who plan to pursue a physics major tend to be confident in their math abilities, value college as an opportunity to learn, plan to attend graduate school, and desire to make theoretical contributions to science. However, they are less likely than women in other fields to have a social activist orientation. These findings have important implications for scholars, educators, administrators, and policymakers as they seek to recruit more women into the physics field.
I. INTRODUCTION
Women have contributed to the physics community in myriad ways, from Marie Curie's invaluable work on radioactivity to Jocelyn Bell Burnell's discovery of the pulsar. As has been noted by the American Physics Society [1] , recruiting women into physics is important, precisely because of the talent they bring to the discipline. Indeed, given that physicists play key roles in essential areas of society, from health care to national defense, it is in the national interest to recruit physicists from the widest talent pool possible.
Despite the demand for more women in physics, women are underrepresented at all levels of the field. Beginning in secondary school, while women represent nearly 47% of students in high school physics courses, fewer women than men take the most advanced physics courses, representing 41% of students enrolled in Advanced Placement (AP) Physics B and 32% of students enrolled in AP Physics C. Further, women in these courses are less likely than men to take and subsequently pass the AP exam [2] . Hence, women are significantly underrepresented in the advanced physics courses that would prepare them to major in physics, and women who do take such courses are less likely to earn college credit for them.
At the undergraduate level, women earned fewer than 20% of all physics bachelor's degrees in 2012 [3] . While this figure represents progress for women over the last half-century (up from 5% of physics degrees earned by women in 1966), it also reflects a backslide over the past decade, from a peak of 23% of undergraduate physics degrees earned by women in 2002. The underrepresentation of women in physics also stands in stark contrast to their representation across science, technology, engineering, and math (STEM) degrees generally, where women in 2012 earned 35% of bachelor's degrees [4] . Women's pattern of underrepresentation in physics continues at the doctoral level, where they represent 20% of physics students in doctoral programs and hold 18% of postdoctoral positions [3] .
Subsequently, women's representation remains relatively low in academic positions in physics, as they account for approximately 14% of faculty members [5] . Notably, however, their representation among assistant professors in physics is 17.5% [1] , a figure closer to their representation in doctoral programs. While these data represent a snapshot in time, and therefore do not capture the longitudinal pathways of women in the physics and STEM pipelines, such persistent underrepresentation makes it clear that retaining women at all levels of physics is important, and a renewed focus on recruiting women into physics at the high school and college levels is particularly necessary.
Given that women's participation in physics at the high school and undergraduate levels is pivotal to addressing women's overall underrepresentation in the field, it is important that scholars, administrators, and policymakers understand what makes some women more likely than others to pursue the physics major in college. Little is known about the characteristics and career goals of women who may be most attracted to physics. Further, there is limited understanding of how the talent pool of women pursuing physics has evolved over time; does the field attract the same types of women today as it has in the past?
To address these gaps, this study uses nationwide data on entering college students to (1) document nationwide trends in aspirations to major in physics among women entering college, (2) document the career aspirations of women who plan to major in physics, and (3) explore the characteristics of women who choose to major in physics and how this population has evolved over time.
II. LITERATURE REVIEW
While there is expansive literature documenting women's underrepresentation in STEM fields, there is comparably less research exploring women's experiences and challenges in physics. Consequently, it is necessary to look at literature in both physics education and broader STEM education to consider possible reasons for women's underrepresentation in the field. To guide this conversation, this review will consider five categories identified by Kanny, Sax, and Riggers-Piehl [6] as the most prevalent themes in the literature on the gender gap in STEM: background characteristics, familial expectations and beliefs, K-12 experiences, psychological factors, and perceptions of the field. First, we will briefly summarize what is known with respect to each of these categories about women's interest in STEM fields in general. Then, we will turn to a discussion of what is known about women's interest in physics, specifically. This review includes a broad range of factors relevant to women's pursuit of STEM, many of which could not be addressed in this study; however, they are included here in order to place the study of women in physics into the larger context of women in STEM.
A. Explanations for the gender gap in STEM
Background characteristics
Much of the literature on women in STEM has considered the role of women's background traits, such as one's race or ethnicity and socioeconomic status, in predicting women's interest in pursuing a STEM field. In particular, African-American, Latina, Native American women, and those from lower socioeconomic backgrounds are underrepresented in STEM disciplines [7, 8] . Asian women are the only demographic group that is overrepresented in the STEM fields, 1 relative to their representation in the general population [9] . Still, even Asian-American women face barriers in STEM, particularly at later career stages, as they are the group with the lowest representation in tenured faculty positions [10] . Ong et al. [9] argue that women of color are underrepresented in STEM not because they are less interested in STEM fields than their white peers but because of a complex web of factors relating to educational inequities that women of color face in the STEM fields.
Familial expectations and beliefs
Previous studies have identified various factors stemming from women's family experiences that affect their interest in STEM fields. Specifically, some studies have found that factors like parents' occupations play a role in whether or not female students will be interested in earning a STEM degree [11, 12] . Additionally, the degree to which parents encourage their children to pursue a STEM field as well as provide access to STEM-related learning experiences is also important to girls' interest in STEM [13, 14] . Other work has focused on the influence that parental behaviors and beliefs about their daughters' abilities to perform and succeed in a STEM field have on girls' plans to pursue STEM [15, 16] . For example, parents often have a direct influence on their children's tracking placement in coursework, such as math and science [17] . This, in turn, affects girls' level of preparation to pursue more advanced math and science coursework and, eventually, a STEM major in college.
K-12 experiences
Students' K-12 experiences have been shown to have an impact on their decision to pursue a STEM field in college. Differences in men's and women's academic preparation for STEM coursework in college stems from differences in their K-12 experiences. For instance, as discussed earlier, women tend to take fewer advanced math and physics courses in high school, which leaves them less prepared than men to pursue STEM majors in college [18] . Further, studies have shown that structural barriers, including negative classroom experiences, exist in the K-12 environment that can dissuade girls from pursuing their interest in STEM disciplines [19, 20] . For instance, the effect of participation in elementary school performance-based science activities varies by gender, such that girls showed a decrease in their self-rated science abilities, even though they participated equally in the leadership aspects of the science activities and there was no real difference in girls' and boys' performance (as measured by grades). Hence, even when girls participate in classroom activities known to increase girls' interest in STEM fields, it may still not be enough to overcome many girls' beliefs that STEM fields are best suited for boys [21] .
Psychological factors
Numerous studies have found that various psychological factors are related to women's participation in STEM fields. More specifically, women have been found to have lower self-confidence and/or self-concepts of their math and science abilities [22, 23, 24] . Further, women who report high levels of math self-concept are more likely to report STEM-related career goals [25] while women who report experiencing math anxiety are less likely to be interested in STEM occupations [26] .
Certain personality traits are important to women's interest in STEM fields. Women tend to be more service oriented than men in their choice of career. For instance, college women report stronger social activist values than do men, which is negatively associated with interest in a STEM major [27] . As will be discussed more below, interest in service-and people-oriented careers, combined with a perception that STEM fields present limited opportunities to help others, dissuade many women from pursuing a STEM field. Further, within STEM fields, women who are attracted to a STEM discipline tend to be drawn to fields such as the biological sciences, where opportunities to help others are more explicit [28, 29] .
Perceptions of the field
Other aspects of women's perceptions of STEM fields are also integral to whether or not they pursue a STEM major and/or career. In particular, the extent to which women and girls believe a STEM field will be welcoming impacts their intentions to pursue that field. For example, the belief that certain STEM fields are best suited for "nerds" or "geeks" may prohibit some women from pursuing them, despite their own interests or inclinations [30] . Stereotypes play a particularly important role when it comes to individuals who may serve as role models for young women. Research has found that women who interact with role models in STEM careers who do not fit into stereotypes are more likely to believe they can succeed in a STEM career than women who had role models that fit into stereotypes [31] . Additionally, the extent to which women perceive a field to be supportive of their other values, such as family or interpersonal orientations, may also play a role in their participation in STEM disciplines [18] . In fact, several studies have found that an incongruence between women's goals, particularly communal goals (e.g., working with people or helping others), and the perception that STEM careers impede these goals disproportionally and negatively affect women's decision to pursue STEM careers [32, 33] .
B. Gender and interest in physics
Although there is a scarcity of studies that consider the gender gap in physics, much of the literature that does exist suggests that women's high school experiences are particularly important for their interest in physics in college [34, 35, 36, 37, 38] . For instance, developing an identity around physics in high school is key, as Hazari et al. [35] found that students' sense of their physics identity in high school predicted choosing a physics major in college. In the high school setting, one of the few predictors found to impact women's physics identity was discussing their underrepresentation in physics when in high school [35] .
High school experiences in physics also relate to women's academic success in the field. Sadler and Tai [37] showed that certain high school predictors impacted students' grades in introductory college physics. Although gender was not a significant predictor, the type of physics class that students took did have an impact on students' grade in physics in college. Students who took regular high school physics saw only modest impacts on their college grade; however, those who took at least two years of high school physics or advanced courses saw much stronger physics grades in college. Consequently, women's lower representation in AP physics disadvantages their future success in college physics. In their study, pedagogy was also critical; high school classes with greater emphasis on conceptual understanding and deeper treatments of fewer topics predicted higher college grades (though the study did not differentiate on the effect of pedagogy specifically for women students).
Carlone [34] used a qualitative lens to understand women's experiences in high school physics. Through site visits and observations, she found that high school girls not only had success in the classroom, but took on the prototypical view of physics (i.e., that science is authoritative and students are "dutiful"). However, she found that their motivation to succeed was a function of their overall achievement orientation, not necessarily their interest in physics per se.
III. THEORETICAL FRAMEWORK
The abovementioned categories of factors relevant to the gender gap in STEM in general, and physics in particular, emerge from a review of the empirical literature on the topic. However, all these factors are not necessarily addressed in any one study. Therefore, this study will rely on social cognitive career theory (SCCT) as a means of bringing multiple pertinent factors together, although not all categories found to be relevant in the extant literature map onto the SCCT framework. Much of the literature on the selection of STEM majors and careers considers this decision-making process through the lens of SCCT [39] . SCCT provides an appropriate framework to study how multiple components collectively lead to career-related choices in a life-long temporal process (see Fig. 1 ), and can be applied to the pursuit of the physics major. SCCT's Model of Career-Related Choice Behavior (MCRCB) suggests that personal characteristics, background contexts, and learning experiences work together to affect a person's self-efficacy, or one's perceived ability to perform successfully in a given context, and outcome expectations. Individuals consider their sense of self-efficacy and ultimately shape their outcome expectations to pursue interests in areas they feel they can succeed. A person's contextual influences (i.e., their current contexts) moderate which interests one ultimately pursues (choice goals and actions).
SCCT is a helpful framework for studying the determinants of women's choice to pursue a STEM field, such as physics, during college. Previous research has demonstrated that SCCT is effective in predicting students' STEM career outcomes [40] . Given this, SCCT provides guidance in this study's consideration of the many different factors that work together to influence women's decision to major in physics.
IV. OBJECTIVES
Kanny, Sax, and Riggers-Piehl [6] conclude their review of 40 years of research on gender and STEM by arguing that despite the wealth of knowledge on why women do or do not pursue STEM majors, surprisingly little is known about women's reasons for choosing specific STEM majors (such as physics). Further, there is virtually no data that speak to how the population of women interested in physics may have changed over time.
Hence, this study examines how the gender gap in undergraduate women's intention to major in physics has changed in the past four decades. In addition, the study explores how women's interest in physics and their career aspirations have evolved across time and compare to women in other STEM fields, specifically, chemistry, biological sciences, computer science, mathematics or statistics, as well as with all college women in the aggregate. By exploring these trends related to women's participation in physics, as well as determinants of women's interest in physics, this study will inform educators, administrators, and policymakers and help bolster their efforts to increase women's participation in physics. Specifically, this study utilizes nationwide data on incoming college students collected over the past four decades to address the following research questions: (1) How has incoming college women's intent to major in physics changed over the past four decades compared to women's intent to major in other STEM fields, such as chemistry, biological sciences, computer science, and mathematics or statistics? (2) In our analysis we specifically focus on the diverse experiences of women students without comparison to men. Instead, we compare women in physics to women pursuing other STEM fields. Previous research in physics education has often explored gender issues by comparing women to men; however, many scholars have argued that this kind of work is problematic because it presumes that men are the standard that women must be compared against. It also lacks a focus on the unique lived experiences of women. For a full literature review exploring the issue of comparing women to men in physics, and why this should be avoided, see Traxler et al. [41] . Examples of qualitative research moving past gap analysis have also begun to appear within the literature [42, 43, 44, 45] .
V. METHODS

A. Data source and sample
Data used for this study come from the Cooperative Institutional Research Program (CIRP) Freshman Survey. The oldest and largest longitudinal study of American higher education, the CIRP Freshman Survey is administered annually to first-year college students and collects information on a wide range of topics, including demographic background, high school experiences, college expectations, self-concepts, values, and life goals, as well as academic and career aspirations.
This study is based on CIRP data from over 1200 baccalaureate-granting institutions from 1971 to 2013. The first analysis (research question 1) explores how women's intent to major in physics 2 has fluctuated over time and is based on a sample of 4 577 098 female respondents across the four decades. The second analysis (research question 2) explores the career aspirations of women who intend to major in physics and is based on the responses of 4 375 369 women who completed the survey between 1971 and 2011. 3 Both samples are weighted by institutional control (public versus private), type (four-year college versus university), and selectivity so that they better reflect the population of first-time, full-time college students at all four-year institutions in the United States for each year. The weights are designed to compensate for under-or overrepresentation of students from different types of colleges and universities (see Pryor et al. [46] for a weighting scheme, in addition to validity, and reliability).
The regression analysis (research question 3) provides insight into the relationship of key variables (described below) to women's selection of the physics major, and focuses on five specific cohorts-those entering college in 1976, 1986, 1996, 2006, or 2011 . The five years included in the regressions were selected because they represent the most comprehensive set of core survey items available at regular intervals. The two regression samples are unweighted and are composed of (1) 399 766 female students from across all majors (including 1118 female students intending to major in physics) and (2) 65 993 female students who planned to major in any of the STEM fields (including 1118 female physics majors).
B. Data analysis
Research question 1 examines how incoming female students' intent to major in physics has changed since 1971 in comparison to their interest in other STEM majors. To address this question, the proportions of women who reported plans to major in physics on the Freshman Survey were examined from 1971 to 2013. In order to infer differences in major aspirations among the STEM subfields, one-sample z-tests were performed to compare the differences between the proportions of women who intend to major in physics with that of each subfield.
Research question 2 examines the career aspirations of women who intend to major in physics and how these aspirations have changed over time. Through crosstabulations, we identify top career choices (from a list of 24 careers) that were selected by women intending to major in different STEM fields (and all fields combined) in 2011. The proportion of women selecting a specific career choice in each subfield was calculated, and two-sample z-tests were performed to test the differences in the proportions selecting each career field between women who intend to major in physics and women who intend to major in other subfields within STEM. We also examined trends in career choice for female physics majors to see if any notable shifts have occurred since 1971.
Research question 3 examines the characteristics associated with women's selection of a physics major and explores if these characteristics and/or their predictive power have changed over time. Using the five-year data set (i.e., 1976, 1986, 1996, 2006 , and 2011), logistic regression analyses were conducted for the female sample in two ways: (1) to explore the likelihood of majoring in physics (versus all other majors) and (2) to explore the likelihood of majoring in physics (versus all other STEM majors). Logistic regression analysis reveals how the "odds" of a certain outcome (e.g., majoring in physics) are statistically predicted by independent variables. Independent variables were chosen based on the MCRCB [39] . They were placed into temporally sequenced blocks 4 to best understand predictors of intent to major in physics. A series of correlations and factor analyses were conducted to narrow the list of variables to those that were most conceptually and statistically of interest in understanding how students select majors. Only the common variables that were asked across all of the five years (1976, 1986, 1996, 2006, 2011) were included in this analysis.
To specify the factors, we used principal axis factoring with promax rotation. This process was performed first for the entire regression data set (five years combined), and then the strength of the factors was further verified for each of the five years. The threshold for reliability was set 5 at a Cronbach's alpha of 0.60, and variables were only considered valid for inclusion in a factor if they loaded at 0.40 or higher (ultimately, all loadings exceeded 0.60). In all, seven factors were created (see Appendix B).
Drawn from the CIRP Freshman Survey, the final set of 41 variables was categorized into eight blocks. The blocks included personal characteristics, background contexts, learning experiences, self-efficacy (e.g., mathematics ability), outcome expectations (e.g., expectations of changing one's major), interests, contextual influences (e.g., financial concern for college), and choice goals (e.g., degree aspirations). Regression models also include a time variable to account for changes across the years. (See Appendixes A and B for a list of variables and factors.)
These 41 variables were included in both regression analyses (physics versus all and physics versus other STEM) to determine which variables were statistically significant (p < 0.01) across all years combined. Variables that were not significant for either model were removed. Then, the logistic regression was run again with the remaining variables, using identical models for the all-women sample and the STEM-only sample. Finally, time-variable interaction terms were added to identify the possible changing salience of each variable. These terms were included last in order to directly compare full models with and without the interaction terms. Statistically significant interaction terms indicate that an independent variable has become a stronger or weaker predictor over time.
VI. RESULTS
A. Question 1: Women's interest in the physics major Table I displays 4 Blocks were determined by selecting the variables available in our data set that best reflected the elements of SCCT. 5 We included some factors that fell just below this threshold due to prior usage in several major studies [47, 48] .
B. Question 2: Career plans for female physics majors
Next, we examine the career aspirations among female first-year college students who intend to major in physics. Table II reveals the top career choices of females in the physics major in 2011 and shows how these career aspirations compare with those of women majoring in other STEM fields and all fields combined. The most popular career choice for female physics majors is research scientist, selected by nearly one-third of this group. Becoming a research scientist is not only the most popular career choice among women physics majors, but it is a much more common choice for women in physics than for women in any other STEM field. Despite this, the overall popularity of research careers among female physics majors has actually declined over time from a high of 57.4% in 1971 to 31.2% in 2011. Alternatively, the "undecided" career has gained significant traction, growing from 8.0% to 23.3% during this time frame (see Fig. 3 ).
(Notably, the proportion of female students with undecided career plans has risen faster in physics than in any other STEM field; in fact, in some STEM fields-biological sciences and math-the proportion of women who are undecided is actually lower today than in 1971.) Other popular career choices for female physics majors include engineering (12.3%), medicine (7.1%), and, to a lesser extent, college teaching (3.7%), the military (3.7%), and K-12 education (3.0%). Interest in these careers has fluctuated somewhat over time (specifically, increased interest in engineering and declining interest in K-12 education), but the changes over time are quite small. Table II also reveals that some STEM majors are more diffuse in their career aspirations than others. Among female physics majors, for example, the most popular career (research scientist) is indicated by only 31.2% of students. In computer science and engineering, on the other hand, career goals are more concentrated on the specific profession associated with that major, with 76.7% of female engineering majors planning to become engineers and 68.6% of female computer science majors planning to become computer programmers. Careers in medicine were favored by female students in biology and chemistry with a representation of 35.1% and 21.8% of students, respectively. Nursing was also a popular career choice for 18.4% of female biology majors, which was equivalent to the interest level for women overall, but far higher than for all other STEM majors. Careers in law, government, and business attract few female STEM majors, although business was a popular career choice for women majoring in mathematics (22.9%).
C. Question 3: Characteristics associated with majoring in physics
Now we turn to the results of the logistic regression analyses, which examine the student characteristics that are associated with women's decision to major in physics-first, relative to majoring in any other fields, and, second, relative to majoring in any other STEM field. Of the 41 variables included in the initial regression, 40 emerged as significant (p < 0.01) for the all-major model and 37 for the STEMonly model. The variables that were significant in the initial regression were then included in the final logistic regression models. To clarify, logistic regression coefficients signify whether the relationship between an independent variable and a dependent variable (i.e., choice of physics major) is positive or negative, and give some indication as to the strength of that relationship. Logistic regression coefficients are similar to linear regression coefficients in that those above zero reflect positive relationships, while those below zero signify negative relationships. Odds ratios [Exp(B)], by contrast, are centered around 1. An odds ratio greater than 1 tells us that higher scores on an independent variable increase the odds that the outcome (i.e., choice of physics major) will occur, whereas an odds ratio below 1 suggests that higher scores on an independent variable decrease the odds that the outcome will occur. In the results that follow, independent variables that are significantly associated with the selection of a physics major are sometimes described as "predictors"; the use of predicting is intended to reflect statistical prediction only since causality cannot be known.
Majoring in physics versus any other field
What predicts women's decision to major in physics versus all other fields? Table III displays the results in terms of two models: model 1, which represents the main effects of independent variables across all years combined, and model 2, which reflects the main effects of independent variables in the base year 1976, along with interaction terms to indicate shifts over time in the predictive power of independent variables. For clarity, a significant positive interaction term denotes a positive effect that has grown stronger with time or a negative effect that has weakened over time. Conversely, a significant negative interaction term indicates a positive effect that have grown weaker over time or a negative effect that has strengthened with time. 6 As shown in Table III , a total of 13 variables significantly predict the decision to major in physics versus any other major, most of which have remained stable predictors over time. These include the positive and stable effects of some variables with a particular relevance to science, such as self-rated math ability and desiring to make a theoretical contribution to science. In other words, women who enter college with more positive mathematical self-concepts and who desire to advance science are more likely to major in physics than in other fields combined. Other stable and positive effects include identifying with no religious affiliation, desiring to develop a meaningful philosophy of life, attending college for educational reasons, and aspiring to either master's or Ph.D. degrees (as opposed to stopping after completion of the bachelor's degree). Interestingly, expecting to change one's major field is also a stable positive predictor of majoring in physics, suggesting there is a particular instability of physics as an intended field of study among women. Perhaps this is connected to the growing number of physics majors who are undecided about their career choice.
Some variables emerge as negative predictors that have been stable over time. The first is being Asian or AsianAmerican, revealing that female Asian or Asian-American students have been consistently less likely to major in physics than in other fields. This finding is interesting since Asian-American students tend to be more represented in STEM than other fields, as discussed earlier; apparently this is not the case among women in physics. Female students who espouse more social activist goals are also less likely to major in physics; this is consistent with prior research on women's career values and perceptions of the social good of STEM career choices. In addition, women who place more value on status goals and who have extrinsic motivations for college attendance (i.e., to get a better job or make more money) are also less likely to select a physics major.
Only two variables represent forces that have changed in salience over time. The first is the negative effect of attending institutions with larger student-faculty ratios, which has become more salient over time. In other words, colleges with larger enrollments are increasingly less likely to attract physics majors. Second, attending public institutions, though not significant in the main effects model, is shown to have become a more positive predictor of majoring in physics over time. Further analysis reveals that in 1971 public institutions were slightly less likely to attract female physics majors, and this negative relationship has reversed itself over time, though not enough to generate a statistically significant result in 2011.
Majoring in physics versus other STEM fields
The above section reveals factors that predict women's interest in physics versus all other fields. One might reasonably question whether the characteristics leading 6 Interpretation of significant interaction terms thus requires observing the sign (positive or negative) of both main effects and interaction terms. For example, in the interaction described below for student-faculty ratios, the main effect in model 1 is negative (b ¼ −0.051) and the interaction term in model 2 is negative (b ¼ −0.039), suggesting a negative main effect that has become stronger (i.e., more negative) over time. (Table continued) women to major in physics might simply be the same as the characteristics leading them to any STEM field. Thus, the last part of our analysis sought to differentiate women physics majors from women pursuing other STEM fields (biological sciences, chemistry, computer science, engineering, and math). These results are presented in Table IV and follow the same organization as presented previously in Table III. A comparison of Tables III and IV reveals that nearly every variable that distinguished female physics majors from all other majors also distinguished female physics majors from women pursuing other STEM fields. For example, traits such as having confidence in one's math ability, desiring to make a theoretical contribution to science, having weaker social activist orientation, and attending college for educational (rather than extrinsic) (Table continued) reasons not only differentiate female physics majors from all other majors, but they further distinguish female physics majors from women pursuing other STEM majors. Also, institutions with larger student-faculty ratios are increasingly less likely to attract physics majors relative to all other fields and relative to other STEM majors. However, Table IV does reveal two additional traits that differentiate female physics majors from women in other STEM fields. The first is that women aspiring to major in physics score higher on the artistic factor than their female counterparts in other STEM majors. Thus, women physics majors are more interested in creating artistic works and have higher ratings of their artistic ability than women who pursue other STEM fields. Second, women majoring in physics are less likely than their STEM-aspiring female counterparts to aspire to medical degrees, a finding which undoubtedly reflects the high representation of female STEM majors in the biological sciences. Both of these additional variables are stable predictors over time.
Interaction terms
Catholic × time 0.037 0.075 1.037 Jewish × time 0.222 0.153 1.248 Other × time −0.052 0.115 0.949 No religion × time −0.055 0.078 0.947 Other or multi × time 0.064 0.128 1.066 Asian or Pacific Islander × time −0.139 0.132 0.870 Black × time −0.028 0.184 0.973 Latino or Latina × time −0.069 0.243 0.933 Political views × time 0.079 0.039 1.082 Father's education × time −0.004 0.019 0.996 Mother's education × time 0.025 0.020 1.025 Family income × time −0.044 0.025 0.957 Father's career: STEM × Time 0.000 0.067 1.000 Mother's career: STEM × time 0.005 0.081 1.005 High school GPA × time −0.011 0.030 0.990 Self-rating: Math ability × time 0.052 0.041 1.053 Leader (factor) × time Not significant in step 0 model Scholar (factor) × time −0.
VII. LIMITATIONS
While this study makes a contribution to the study of women in physics due to its reliance on national data, large collection of variables, and several-decade perspective, it nevertheless faces important limitations. First, the dependent variable only considers women's intention to major in physics at the point of college entry. Therefore, we are unable to address whether or not that intention actually leads to completion of a degree in physics.
A second limitation is that the study did not have access to all potential variables that may determine women's interest in physics majors. Because we were only able to consider survey items that were available in five different time points over four decades (and because the survey itself was constructed for broader topics than STEM major selection), structural factors such as gender-role socialization and certain experiences in K-12 (such as physics coursework in high school) could not be considered.
Finally, these data reflect only first-time full-time students entering four-year colleges and universities and therefore do not capture any predictors of majoring in physics that may be unique to community college students. Future research will need to consider the characteristics that predict physics major aspirations among students who begin in community colleges.
VIII. DISCUSSION AND IMPLICATIONS
This paper considered the changing characteristics of female physics majors over the past four decades. The study found that interest among women in the physics major is low (hovering between 0.1% and 0.2%) and is actually declining relative to their interest in certain other STEM majors (most notably biology and engineering). This finding supports the American Physical Society's [1] assertion that the sizable gender gap in the field of physics is due to a dearth of women choosing to pursue a physics major from the start. Hence, as administrators and educators seek to increase the number of women in physics, they should focus their efforts on recruitment initiatives. However, the field of physics should also begin to consider how it can change in order to attract a broader range of women. This research suggests that physics is recruiting a very narrow subpopulation of women who are significantly different than women in STEM and the female college population at large.
This study also revealed important shifts in the career aspirations of women who plan to major in physics. Research scientist is the most popular career choice but is declining in popularity, while increasing numbers of female physics majors say that they are undecided in their career plans. This finding may reflect that some women who plan to major in physics are unaware of the career options available to them. Hence, teachers, faculty, staff, and policymakers might work to educate women about the types of careers that a physics degree prepares students to pursue, including in health care and national defense. Raising awareness about the role of physics in health care may be particularly fruitful, given that previous research on the gender gap in STEM has found that women are more likely to pursue STEM fields that provide opportunities to help others [28, 29] . This study's findings further suggest that women who plan to major in physics are unique among their peers. That is, the predictors of women's choice of physics major indicated that there is a distinctive profile of the average female physics student as compared to all other women and women in other STEM fields, and for the most part this profile has remained consistent over the years. Women who intend to major in physics tend to be confident in their math abilities, value college as an opportunity to learn, plan to attend graduate school, and desire to make theoretical contributions to science. Further, the field consistently attracts women who place less value on social activist goals, a finding supported by the broader literature [49, 50] .
If the field of physics wishes to attract more women, it may be necessary to change the perception of the field and the focus of the major in order to reach a broader audience. Whitten [51] has suggested various ways to make physics more attractive to a wider array of women, such as promoting physics research that situates physics in social and political problems, applying physics to human issues, and developing projects that focus on improving education. Considering that our research demonstrated that physics consistently attracts a particular type of female student, a rebranding of the field as suggested by Whitten [51] may be warranted. In other words, changes may be necessary in the academic and professional culture of physics in order to recruit more women, rather than women being pressured to adapt themselves in order to "fit" within physics.
Future research and educational efforts should take this perspective into account by taking a closer look at how women in physics may be different from women in higher education overall and how their experiences shape their choices and values. For example, scholarship by Danielsson [45] explores how the field of physics is constructed in a masculine domain, which contributes to women's low interest in the field. Additionally, future research could draw from Whitten's [51] recommendations to examine how physics programs can be structured to be of greater interest and professional relevance to women. Such research could explore the ways in which undergraduate physics courses and research projects emphasize social issues or employ problem-solving skills that can be transferred to a broad range of careers.
IX. CONCLUSION
This study used data from the CIRP Freshman Survey from 1971 through 2013. These data were explored using descriptive and inferential statistics to address three main questions. First, we analyzed the data to determine how women's interest in pursuing the physics major has changed in recent decades. Second, we considered how the career interests of women who plan to major in physics differ from career choices of women pursuing other fields, and how this has changed over time. Finally, we explored the traits of women who intend to major in physics and whether the salience of these characteristics has changed over the past four decades.
This paper contributes to the extant literature on women in physics in myriad ways. First, the findings from this study lend support and add to previous findings with the benefit of national, representative data over a long period of time. Further, this study's findings offer direction to scholars, administrators, and policymakers to focus their efforts on recruitment initiatives, particularly given the evolving nature of women's interest in physics and their interest in careers related to physics (e.g., research scientist). Finally, this study revealed a set of characteristics that increase the likelihood that a woman will pursue physics. Knowledge about these characteristics can guide recruitment efforts such that they can be targeted toward women who may be the best fit for a physics major and career; however, such efforts should also be mindful of how the field might evolve to attract a broader range of women. 
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APPENDIX B: FACTOR ITEMS
Factor variables, loadings, and reliabilities
Factor Factor loading
Leader personality α ¼ 0.65 Self-rating: Drive to achieve (Table continued) 
